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ABSTRACT
Accessibility is one of the main causes of well-being and growth in contemporary societies.
Transportation is the backbone of accessibility systems that lead to the growth of economic and
social networks and spatial dispersion of activities. Unfortunately, the adverse effects of
transportation have a great impact on the natural and human environment. Since transportation is
associated with fossil fuel combustion, it results in emissions of pollutants that cause damage to
human health. To save the global eco-system, sustainable development has become an
international priority. To deal with the sustainability of transportation systems is an important
issue as testified by a growing number of initiatives framed to define and measure sustainability
in transportation planning and infrastructure planning as well. The capability of environmental
assessment as a sustainability instrument is well known. This study proposes a new approach to
rank countries based on environmental sustainability development applying disability adjusted
life year (DALY) weights for transportation sector emissions. DALY weights consider actual
impacts of pollutants on human health. By employing SIR method, a superiority and inferiority
ranking method is presented for multiple criteria decision making, the sustainability ranking of a
number of European countries is presented. Three various ranking methods extracted from SIR
ranking method are discussed and the results and the correlation among them are demonstrated.
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1. INTRODUCTION
“Promoting efficient and environmentally sound urban transport systems in all countries
should be a comprehensive approach to urban-transport planning and management”
United Nations (UN, 1992). By publishing Brundtland Commission report in 1987
(WCED, 1987) based on deteriorating global eco-system, this issue became an
international priority and massive research in the field of sustainable development has
been performed. Despite the abundant literature on sustainable development, there is no
unanimous definition for this term. Agenda 21 defines sustainable development in terms
of adopting strategies which their goal is to “ensure socially responsible economic
developments while protecting the resources bases and the environment for the benefit
of future generations” (UN, 1992). A well-known idea observes this concept under the
relationship among economic activities, social aspects and environmental
considerations (Barter, 1999). The most important part and the genuine reason of
developing the term of sustainable development is environment;however,economy is a
core of any kind of development as well. It should be noted that the development has
huge and undesirable impacts on the societies. Therefore, the sustainable development
is defined as a development in all three aspects. 
Transportation is a very important economic activity which has obvious interactions
with our environment. Based on the United Nations’ report in 1987, “transport accounts
for about 30 percent of commercial energy consumption and for about 60 percent of
total global consumption of liquid petroleum” (UN, 1992). Transportation sector has
substantially contributed to many environmental problems. In the year 2000,
transportation emitted about 60 percent of NOx and CO emissions, and a quarter of CO2
emissions in EU-15 countries. These figures do not express the actual share of
transportation in the health impacts of these pollutants; since the average distance of
transport’s pollutants are much shorter compared to the average of other sources of
pollution (Garling and Steg, 2007). Therefore, moving towards “sustainable transport”
in comparison with other sectors is more important.
There is no generally accepted definition for sustainable transport, such as
sustainable development. Nevertheless, it is defined by Brundtland’s report as a transport
which is “satisfying current transportation and mobility needs without compromising
the ability of future generations to meet these needs” (WCED, 1987). Rassafi and
Vaziri(2005) defined the sustainable transport as harmonic development in transport
economy, the social and environmental impacts of transport.They utilized the concept
of “Elasticity” to measure “harmonic development” of countries: “It measures
economic, environmental, or social changes with respect to transportation change and
therefore is a trend variable”.  They used 33 variables for 4 transportation mode and
ranked 79 different countries and grouped them into 4 groups: more unsustainable,
partly unsustainable, partly sustainable and more sustainable. The Department of
Transportation (DOT) of the United States defined its mission to “Serve the United
States by ensuring a fast, safe, efficient, accessible and convenient transportation system
that meets our vital national interests and enhances the quality of life of the American
people, today and into the future”.  All in all, the transportation sector and its
development are very important and recognizing different countries trends’ towards
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sustainability would be noteworthy.
Although there are a great number of literatures for sustainable transportation and
further to compare countries based on the criteria of sustainable development, there is
not so much effort on ranking and comparing countries based on sustainable
development. Wilson et al. (Wilson et al, 2007) chose six global SDI3 metrics and
grouped 133 countries into five quintiles for each of these six SDIs. They introduced a
country with sustainable development which is ranked in topmost quintile of each SDI
metric. Nevertheless, they think that this idea would not guarantee sustainability of a
country. Considering the well-known parable of the three blind men who run across an
elephant and try to describe it by touching, they believe that the main distinction
between the strong and weak sustainability revolves around the point of view of the
sustainable development. In another study, Blanc et al. (2008) developed a new index for
environmental sustainability based on DALY4 weighting approach and compared the
rank of each country with its rank based on equal weighting. They denoted that
weighting based on the DALY weights is more realistic and would consider actual
impacts of pollutants for the human health. DALY weights are calculated with the
impact assessment multi-media model tracing toxics from their emissions to their
assimilation by human bodies Jolliet et al., 2003).
In order to compare different countries’ transportation sustainability, Bojkovi_ et al.
(2010) utilized16 criteria which were categorized into three groups of economy,
environment and society. As a multi-criteria analysis method, they introduced an
extension of ELECTRE5 which is a non-compensatory outranking approach. They used
it because “good scores on other criteria cannot compensate for a very bad score on a
single criterion, which is compatible with sustainability requirements”. They proposed
pair wise comparison of 10 European countries; however,the method is unable to rank
different countries to move towards sustainable transport.
This study tends to compare and rank different European countries in the field of
sustainable transportation. Considering the literature on the sustainable transportation
implies that most of the researches are restricted to regional or urban areas and
investigating the issue at the global scale is still necessary.Examination of the problem
in national level is important for two reasons. First, probing the relationships between
sustainability elements is essential in respect to policy making, thus inspecting the issue
at global scale make it possible to understand these relationships more precisely and
comprehensively. Second, after reaching the goals under discussion, that is determining
the relations which makes the transportation sustainable at global or national level, it
would be possible to generalize these relationships to lower levels. In this condition, the
information can be omitted consciously and the possibility of ignoring important
determinants can be eliminated or decreased. In the field of sustainability, the point of
view is highly important and each of the three aspects of sustainability should be
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examined separately. It is inferred that aggregation of economic aspect of transportation
with its environmental and social impacts could be misleading. When the assessment is
performed in the aggregate, any trade offs between individual aspects or components
are concealed. A contributing factor in sustainability cannot become apparent, and
potentially unsustainable effects can go undetected. Consequently, this study will
discuss this matter in the field of environmental impacts of transportation. Utilizing the
DALY weights, the SIR method which is a strong extension of the well-known
PROMETHEE outranking method (Xu, 2001) was employed.  The ranking of merely
20 European countries is proposed due to the lack of thorough information. The
proceeding parts of this paper are organized as follows.The applied multi-criteria
decision making method will be primarily introduced. Next, the reasons and criteria to
select the method and its constants will be described. Finally, the results of the analysis
will be presented and the main contributions are reviewed and summarized.
2. CRITERIA AND DATA DESCRIPTION
To produce energy to translate into motion, transportation associate with the
combustion of fossil fuels. Pollution is created from incomplete carbon reactions,
unburned hydrocarbons or other elements present in the fuel or air during combustion.
These processes produce pollutants of various species, including CO, CO2, SO2, NO,
NO2, HC, PM2.5, PM10 and VOC. In addition, several other impacts of transportation
are not in the form of emissions and are involved in energy consumption and
transportation infrastructure (Garling and Steg, 2007). Selecting all these criteria cannot
be helpful: first, data are not available for all; second, using one criterion can cover the
impact of the others. In this study, the CO, CO2, SO2, NO2, PM (total) and the VOC
were selected from emission group, based on their environmental impacts. Furthermore,
arable land represents the impacts of transportation infrastructure. Any kind of
motorized transport will emit CO2, thus using CO2indicates the application of energy
implicitly; moreover, it considers the share of transport section on global warming. The
strong correlation between variables reported by Rassafi and Vaziri (2005) supports this
inference. The CO and SO2were selected as the representatives of primary pollutants.
By this means, the effects of both heavy and light transport could be considered in the
SO2 and CO, respectively. NO2was chosen as are presentative of secondary pollutants.
NO combine with O2 and produces NO2 and Ozone, thus selecting the NO2 would
implicitly considers the effects of the Ozone and NO. The VOC is considered as the
representative of hazardous pollutants and the PM total as the representative of particles.
It is assumed that the DALY weights reveal the actual impacts of a number of factors
more realistically(Jolliet et al., 2003); however, the impacts of CO2 are not expressed in
DALY value, as well as arable land. Since DALY weight could not be calculated for
CO2 and Arable Land and the current study tends to consider the effects
comprehensively, the best way for imposing their impacts would be using experts’
opinion. Therefore, a group of experts in the field of transportation and environment,
specifically air pollution have been interviewed. Combining different ideas, the weights
of 20% and 15%are assigned to Arable Land and CO2, respectively and 65% of the rest
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is distributed among the CO, SO2, NO2, PM (total) and the VOC based on their DALYs.
Their shares are illustrated in the figure 1.
Unlike the studies carried out by Rassafi and Vaziri (2005) or Blanc et al. (2008), in
this study per capita values are utilized or each criterion. The population of each country
is highly important in assessment of the moving towards sustainability and it can be
considered through the application of the per capita values for each criterion. The data
of the share of each country in polluting the environment is obtained from the website
of European Commission’s Statistics (Eurostat) and Organization for Economic
Cooperation and Development (OECD). All the data describe each country’s condition
in the year of 2005.
3. METHODOLOGY
3.1. Multi-criteria Decision Aiding (MCDA) Models
Multi-criteria decision aid (MCDA) provides tools and procedures to assist the decision
makers to achieve the desired solution in the situation of ambiguous and uncertain
product of environments. All the MCDA models have their certain constraints.
Analytical Hierarchy Process (AHP) and fuzzy models can only handle the ordinal data.
ELECTRE III can analyze different criteria without converting them into a single scale;
however, it uses upward and downward distillations in which the discrimination
thresholds for cut-off levels are subjectively assigned (Brans and Mareschal, 1990). The
superiority and inferiority ranking (SIR) method can handle both ordinal and cardinal
data and permits the application of different preference structures by the decision-
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Figure1. DALY share for human health issued from IMPACT 2002+ (Jolliet et. al.,
2003)
makers. The SIR is able to measure the superiority and inferiority intensities of the
alternatives; it incorporates outranking rationales to deal with “poor” true-criteria
preference structures. The SIR generalizes the superiority and inferiority scores (Xu,
2001). This study has utilized the SIR ranking method due to its merits.
3.2. SIR Method
The SIR method has four steps. In the first step, the criteria values of each alternative
pairs are compared to generalize the notion of superiority and inferiority scores. Then,
in step two the superiority matrix, S, and inferiority matrix, I, composed of superiority
indices and inferiority indices, consequently, will be developed. The third step refers to
data aggregating. The SIR method can name family of method because in step three,
several data aggregating methods can be applied. This feature allows the decision
makers to have more choices. This research has used TOPSIS6 aggregating method and
the simple additive weighting(SAW) method with more emphasis on TOPSIS method.
The TOPSIS method has several advantages as follows (2007): (i) a sound logic that
represents the rationale of human choice; (ii) a scalar value that accounts for both the
best and the worst alternatives simultaneously; (iii) a simple computation process that
can be easily programmed into a spreadsheet; and (iv) the performance measures all the
alternatives on attributes which can be visualized on a polyhedron at least for any two
dimensions. The application of SAW method leads to the SIR-SAW. The SIR-SAW is
recognized as PROMETHEE method. Finally in the fourth step, the superiority and
inferiority flows will be utilized to rank the alternatives. 
The SIR method steps:
Step one: Measured criteria (g1, g2,...,gn) and alternatives (A1, A2,... , Am) form a
decision matrix which is called D. In this matrix, gj(Ai) is the criteria value
(performance) of the ith alternative Ai with respect to the jth criterion gj:
Eqn (1)
In order to consider the value difference and develop more general types of criteria
into consideration, an appropriate generalized criterion function f(d) should be used to
express the intensity of preference of alternatives over each other. Different type of
generalized criteria can be utilized. Brans and Mareschal (1990) denote many authors
to prefer Gaussian criterion for practical applications. This study utilizes Gaussian
criterion as well:
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6Technique for Order Preference by Similarity to Ideal Solution
Eqn (2)  
Step two: Superiority index [Sj(Ai)] and Inferiority index [Ij(Ai)] structuring:
Eqn (3)  
Eqn (4)
Step three: Data aggregation of the Superiority and Inferiority Flow:
Eqn (5)
Where:
>(Ai): The Superiority flow for i
th alternative
<(Ai): The Inferiority flow for i
th alternative
V represents aggregation function. Applying the TOPSIS method as aggregation
function, Superiority and inferiority flow are as follows:
Eqn (6)
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Eqn (8)
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Eqn (11)
Eqn (12)
Where,
Eqn (13)
Eqn (14)  
Weight of each criterion has shown by wj. Daly weight provides relative importance
coefficient of each criterion. Lambda (λ) indicates attitude to distance of alternatives to
‘ideal’ solution and ‘negative-ideal’ solutions. Lambda can be any integer bigger than
one. Many studies, which have applied the TOPSIS method, have used the Euclidean
distance (λ=2). Olsen (2004) denoted an increase in the value of lambda which leads to
decrease the accuracy of model’s prediction. In this study, Euclidean distance is applied
and its correlation to lambda equal to infinite is discussed. 
Step four: The SIR ranking:
For ranking the results, the superiority flow values and the inferiority values are
subtracted and the greater values have higher ranks.  
4. ANALYSIS
It is important to assess how different are the various criteria. An analysis of correlation
is performed in order to assess this issue,and the results of this analysis are shown in
table 1. It is observed that there are fair correlations among most of the criteria. It is
observed that there is a weak correlation between CO and SO2, since CO is basically
representative of light motorized transportation and SO2 is representative of heavy one.
On the other hand, there are high correlations between CO2 and nearly all the other
criteria, since any kind of motorized transportation and energy use will result in the
generation of CO2.
Table 1. Correlations between different sustainability criteria
Criteria SO2 NOx PM CO VOC CO2 Arable Land
SO2 1
NOx 0.155 1
PM 0.301 0.934 1
CO 0.167 0.467 0.606 1
VOC 0.315 0.471 0.609 0.872 1
CO2 0.113 0.738 0.774 0.447 0.420 1
Arable Land 0.159 0.352 0.425 0.676 0.774 0.314 1
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As noted before, the SIR is a family of methods. In this regard a correlation
comparison among TOPSIS (λ=2), TOPSIS (λ=infinite), PROMETHEE I and
PROMETHEE II has performed and illustrated in table 2. As it is expected, the TOSIS
methods have high correlations with one another; it reveals negligible difference among
lambda values. In addition, there are high correlations between PROMETHEE methods;
however the correlations between these two groups are very low.
Table 2. Correlations between different ranking methods
TOPSIS (λ=2) TOPSIS PROMETHEE I PROMETHEE II
(λ=infinite)
TOPSIS (λ=2) 1
TOPSIS (λ=infinite) .989 1
PROMETHEE I .098 .100 1
PROMETHEE II -.001 .007 .820 1
Table 3. Ranking of 20 European countries in two different ranking methods
TOPSIS (λ=2) PROMOTHEE I
Total DALY-Pollutants CO2 Arable Land Total
Italy Italy Turkey Finland Austria
Turkey Turkey Poland Sweden Slovakia
Finland Germany Slovakia Norway Switzerland
Slovakia Slovakia Hungary Ireland Germany
Germany Portugal Czech Republic Spain Portugal
Portugal Czech Republic Portugal Austria Czech Republic
Sweden Switzerland Germany Hungary Hungary
Czech Republic Finland Switzerland France Netherlands
Switzerland Netherlands Netherlands Slovakia Turkey
United Kingdom Poland Italy Turkey France
Norway United Kingdom United Kingdom Portugal Ireland
Netherlands Norway France Czech Republic Denmark
Poland Hungary Sweden Poland Sweden
Hungary Belgium Spain Denmark Finland
France France Denmark Italy Belgium
Belgium Sweden Belgium Switzerland Norway
Spain Spain Finland United Kingdom United Kingdom
Ireland Ireland Austria Belgium Italy
Austria Austria Norway Netherlands Spain
Denmark Denmark Ireland Germany Poland
The group of criteria which their weights are calculated based on the DALY weights
is so called “DALY-Pollutants”. The results of ranking through SIR-TOPSIS and
PROMETHEE I are shown in table 3. Italy, Turkey, Finland, Slovakia and Germany
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with the SIR-TOPSIS ranking, λ=2, are on the top of the list and Denmark, Austria,
Ireland, Spain and Belgium ranked 20th to 16th. In the PROMETHEE ranking method,
based on transportation sustainability, Austria, Slovakia, Switzerland, Germany and
Portugal are the first fifth of the list and Norway, United Kingdom, Italy, Spain and
Netherlands are the last fifth countries. 
An interesting observation in table 3 is about the top and bottom cases of the SIR-
TOPSIS’ list. In fact, the special feature of the SIR method does not allow that high
score of one or more criterion to compensate low score(s) of other(s). Based on this
premise, the position of extreme countries in the DALY-Pollutants criterion cannot be
compensated by CO2 and Arable Land; as a result, the total ranking of the top and
bottom of the list is very similar to ranking of the DALY-Pollutants criterion. 
5. CONCLUSION
Decision makers and governors show considerable interest in formulating policies for a
more sustainable transportation sector. This study has compared and ranked different
European countries in field of sustainable transportation. The results can help decision
makers to learn and follow prosperous countries policies and on the other hand warns
governors and decision makers in countries with low rank to revise their policies and
plans. 
It is argued that the aggregation of environmental aspect of transportation with its
economic and social impacts can be misleading. In this study, the Superiority and
Inferiority Ranking (SIR) method with the DALY weights are applied to propose a new
approach to recognize the best and the worst countries in environmentally sustainable
development area. DALY weights reveal the actual impacts of a number of emissions of
transportation sector through assessing human toxicity and eco-toxicity. In order to
evaluate the impacts of transportation in different countries comprehensively, the study
considers the other important factors, Arable Land and CO2, based on expert
knowledge.
The SIR method produces superiority and inferiority scores through the generalized
criteria and provides six different preference structures for the system user. This method
is utilized mainly because it does not allow that high score of one or more criterion to
compensate low score(s) of other(s) and also it make the analyst capable to use different
aggregating methods. The study reveals a completely different output of resulted
ranking methods by applying the SAW and TOPSIS method. SIR-TOPSIS with two
various values is examined. While many studies have discussed the differences among
various lambda values, however in this study, λ=2 and λ=infinite had strong correlation. 
Transportation has negative impacts such as noise; furthermore, its pollutants affect
the quality of soil and water sources, and it is recommended to consider their impact on
environment in further studies. In addition, the availability of more data enables us to
consider countries from all over the world and cover other aspects of environment
pollutant which leads to more pervasive results.
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